INTRODUCTION
Radiolarians from the Gulf of California have been the subject of micropaleontological studies for at least two decades (Bandy, 1961) . Though Benson (1966) did carry out extensive taxonomic research on such radiolarians, however, there have been neither biostratigraphic nor paleoceanographic studies of the Gulf based on these organisms. DSDP Leg 64 provides a first opportunity for such work.
A large contribution of terrigenous debris, associated with the tectonic formation of the Gulf as well as with major climatic changes, has greatly diluted radiolarian remains in some parts of the sedimentary column. This, plus the particular Oceanographic conditions prevailing in the Gulf, such as incursions of the California Current (Roden, 1964 (Roden, , 1972 , prevented our recognizing any of the radiolarian zonations established in the subtropical Pacific (Riedel and Sanfilippo, 1970, 1971; Moore, 1971; Nigrini, 1971) . For these reasons, among others, the micropaleontologists on Leg 64 agreed that rather than defining biozones, we would identify "datum surfaces" calibrated to such geochronostratigraphies as paleomagnetostratigraphy and oxygen-isotope stratigraphy (δ 18 θ). The stratigraphy established in this study for sites at the mouth of the Gulf (Sites 474, 475, and 476) shows a down-core sequence of radiolarian events similar to that in the biostratigraphy defined by Kling (1973) at Site 173, which is under the clear influence of the California Current.
This chapter considers only those sites at the mouth of the Gulf ( Fig. 1 ; Sites 474, 475, and 476) because those processes reflected in the sedimentary column at the Guaymas Basin (Sites 477, 478, 479 , and 481) precluded recording of any evident radiolarian stratigraphy. The sedimentary column at Sites 477, 478, and 481 is composed largely of turbidites (Kelts, this volume, Pt. 2). Further, the apparent age of the deepest sediment drilled at these sites is less than 0.4 m.y., too young to permit a radiolarian stratigraphy since during the Quaternary the elapsed time between radiolarian events (of morphotypical type; Riedel and Sanfilippo, 1971 ) was generally no fewer than 0.4 m.y. (e.g., Hays and Opdyke, 1967; Hays, 1970) . The radiolarians from Site 479 115°110°105°C urray, J. R., Moore, D. G., et al., Init. Repts. DSDP, 64 : Washington (U.S. Govt. Printing Office). according to Robinson (1973) . Notice how the isotherms are deflected by the California Current, which forms an Oceanographic front (dotted area) when it meets warmer waters at the mouth of the Gulf of California. The shaded square shows the region in which Sites 474 to 476 were drilled.
are too diluted by diatom remains, except in the uppermost part (Holocene?) of the sedimentary column. Because of restrictions in sampling the core, we did not analyze the laminated sediments from Site 480, collected with the hydraulic piston corer (Schrader et al., 1980) .
PROCEDURE
About 700 slides for micropaleontological analysis were prepared using the settling technique developed by Moore (1973) and refined by Molina-Cruz (1978; 1980) . Since this technique provides slides with evenly and randomly distributed grains, it was possible to determine the relative abundance of radiolarian remains down core (Fig. 2) , expressed as numbers of radiolarians per cubic centimeter. In our calculations, we used a constant volume of subsampled sediment (2 cm 3 ) and constant areas for both the cover slide (8.8 cm 2 ) and the "settling container" (78.5 cm 2 ). Estimates were obtained by counting the number of radiolarians in the area under the cover slide and then making the following computations: This formula is similar to that employed by Lozano and Hays (1976) to estimate the number of radiolarians per gram in the Antarctic sediments.
Counting the radiolarians in the area under the cover slide was not terribly difficult because they were diluted by diatoms or by "marginal debris" in the sediments.
Because the number of species in the radiolarian populations has generally been large, it has been customary to build up a taxonomic framework before making counts of taxa (Kling, 1973; Molina-Cruz, 1977) . The framework utilized in this study (Systematics ; Tables 1-3) considers both traditional index species and the species I observed frequently in an earlier analysis conducted on board the Glomar Challenger during Leg 64. I at first included the species Stichocorys delmontensis, Ommatartus antepenultimus, Acrobotrys tributus, Solenosphaera omnitubus, Spongaster berminghami, S. pentas, and Pterocanium prismatium. These did not occur in any of the samples, however, so I omitted them from the biostratigraphy tables (Tables  1-3) .
In order to make inferences related to biostratigraphy and paleoceanography, I analyzed the distribution down core of each of the radiolarian species in the taxonomic framework. Such distributions, expressed in terms of relative abundance (percentages of each species in a radiolarian population sample of more than 80 individuals), are shown in Tables 1-3. When it was not possible to estimate percentages, because a slide contained fewer than 80 individuals, the presence of species was signified in the tables by an x; a method of tabulating data followed by Ingle (1973a) and Keller (1978) . Table 4 shows a list of barren samples in the lower part of the sedimentary column from Hole 474A.
According to micropaleontological data from Leg 64, the oldest drilled sediments in the Gulf of California are from Site 476. Thus, I selected the down-core record from this site as a reference axis on which to build a stratigraphic section (Fig. 2) which includes the sites drilled during Leg 64. In this section, biostratigraphic correlation is shown, as well as fluctuations in radiolarian abundance in sediments through time.
The paleoceanographic inferences have been supported by studies of the down-core records of some environmental index species (Figs. 3 and 4). Theyer and coworkers (1978) have discussed the convenience of developing a frame of reference in which biostratigraphic events of the morphotypical type (that is, each taxon's first and last occurrence) are calibrated to some geochronology stratigraphy, based on, for example, Paleomagnetism or oxygen-isotope stratigraphy (δ 18 θ). This approach lessens traditional problems, such as those related to time-transgressiveness of events or to correlating events from different climatic regions.
RESULTS AND DISCUSSION
As mentioned, we decided to use this approach. Thus, the radiolarian events or "datum levels" detected in this study (Table 5 ) have been geochronostratigraphically calibrated in the Pacific Ocean, either paleomagnetostratigraphically (Theyer et al., 1978) or through oxygen-isotope stratigraphy (Hays and Shackleton, 1976) .
For the Gulf of California, we have added two new datums to the framework (Table 5) . These are the extinction of Ommatartus avitus and, informally, the marked inflection in the abundance of radiolarians during early Pleistocene (Fig. 2) .
The last occurrence of O. avitus corresponds with the extinction of the nannoplankton index species Reticulofenestra pseudoumbilica (Aubry, this volume, Pt. 2). Therefore, this event can be tentatively calibrated as having an age of 3.2 Ma. This agrees with the observation that the last occurrence of O. avitus, which has a short stratigraphic range, is confined to the "a" event of the paleomagnetostratigraphic Gilbert epoch (Theyer et al., 1978) .
A linear interpolation of the histogram of sedimentation rate, from either Site 476 or Site 475, gives an age of approximately 1.4 Ma for the marked inflection in numbers of radiolarians during the early Pleistocene. This age is consistent with the biochronostratigraphy (Aubry et al., this volume, Pt. 2) established for the sites from Leg 64.
Sites 474, 475, and 476, located at the mouth of the Gulf, at the southern end of the California Current (Fig.  1) , show a stratigraphic sequence of radiolarian events somewhat similar to the upper part of the sequence observed in sites farther north, which are under the clear influence of the California Current (Site 173, Kling, 1973; Sites 467, 468, and 470, Wolfort, 1980) . The difference is that the suggested events related to the extinction of Lamprocyrtis heteroporos and the first occurrence of Eucyrtidium matuyamai have not been defined in Leg 64 sites for the following reasons: (1) L. heteroporos has been observed in only two samples from Site 476 (Table 1 ; Sample 18-6, 81-83 cm and Sample 18,CC), and (2) E. matuyamai was not considered in this study because a satisfactory basis for distinguishing it from E. calvertense has not been achieved (Kling, 1973) . The L. heteroporos and E. matuyamai events have been thought to occur at the base of the Olduvai paleomagnetic event (Hays, 1970) at about 1. 8 Ma (Opdyke, 1972) . Thus, if these events occurred at Leg 64 sites, they were within a section of the sedimentary column which is scarce in radiolarian remains (Fig. 2) .
In the stratigraphic section shown in Fig. 2 , it is apparent that the sediments above the "basement" are older at Site 476 than are those at Site 474. This is a part of the evidence for the model of tectonic history of opening of the mouth of the Gulf, as outlined by Curray et al., (this volume, Pt. 2) , and Moore and Curray, (this volume, Pt. 2).
Pleistocene fluctuations of sea level have caused erosion of sediments from the continental shelf and upper continental slope, including a debris flow unit in Site 474 (Moore et al., this volume, Pt. 2) . This is further confirmed by the erratic occurrence of some index species within the biochronostratigraphic sequence (Aubry et al., this volume, Pt. 2) . The occurrence of Axoprunum angelinum at Site 474 from Sample 3-1, 140-142 cm to [30] [31] [32] (Table 3) has also been considered evidence of reworking, as has its occurrence in Sample 475B-1,CC from Site 475.
The The California Current, which presently influences the region in which Sites 474 to 476 were drilled, has flowed southward along the Pacific coast of North America (Fig. 1) since at least the Cretaceous (Sliter, 1972) . But in the Gulf of California, even though a "marine environment" did develop about 4.4 Ma (Schrader, this volume) , clear evidence of the California Current was not recorded in the sediments until the Pleistocene. This is suggested by the fact that at Sites 475 and 476 some differences in faunal composition are observed between the radiolarian assemblages from early Pliocene and from Pleistocene (Tables 1,2) .
At the mouth of the Gulf of California an Oceanographic front forms, where the "cool" California Current meets and mixes with water masses from the subtropical Pacific and from the Gulf itself (Fig. 1 , Roden, 1964; . This front apparently provides favorable environmental conditions for the development of Theocαlyptrα dαvisiαnα (Molina-Cruz, in press). Having analyzed the down-core record of T. dαvisiαnα at Sites 475 and 476 (Fig. 3) , I believe that this Oceanographic front began to develop at the mouth of the Gulf during the early Pleistocene. Since its development is presumably linked to the "intensification" of the California Current, this suggestion does not conflict with Ingle's observation (1973b). Ingle, in building up a stratigraphic section along the California Current (using Site 173, the Mohole cores, and locations with Neogene sequences on the California coast), showed that in the interval between the Pliocene and the Holocene the subarctic planktonic biofacies of the California Current migrated southward to the latitudes of the mouth of the Gulf only during the Pleistocene and Holocene. This conclusion is also supported by the down-core record (Fig. 4) of Botryostrobus αquilonαris ( = Artostrobiwn mirαlestense; Kling, 1973; Wolfort, in press) . This species has shown ecological preference for subarctic waters, including those from the California Current (Moore, 1973b; Wenkan, 1976; Wolfort, 1980) . Ingle has also suggested (1973b) that during the early Pliocene subtropical biofacies migrated north as far as 47°N. Thus, it is possible to explain why in the lower Pliocene of Sites 475 and 476 a biostratigraphic sequence with traditional index species from the subtropical Pacific was recorded ( Fig. 2 ; Riedel and Sanfilippo, 1971; Moore, 1971) .
As shown in Tables 1 and 2 , the early Pliocene is dominated by spumellarians, whereas the Pleistocene is dominated by nassellarians. However, the scarcity of (Fig. 2) prevents us from determining whether this difference stems from ecological factors or differential preservation of specimens.
CONCLUSIONS
At least five radiolarian datum levels can be defined in the sedimentary column from the mouth of the Gulf of California. Calibrated geochronostratigraphically, the oldest datum corresponds to the extinction of Ommatartus penultimus, which occurred 3.6 Ma, and the youngest to the extinction of Axoprunum angelinum, which occurred 0.4 Ma.
A stratigraphic section across the outer continental slope of the peninsula of Baja California (Sites 474 to 476) shows that the radiolarians in the oldest marine sediments above basement rocks are older in Sites 475 and 476 than in Site 474. This is compatible with the explanation of geological history of the Gulf and subsidence of the Baja California margin presented elsewhere by Curray et al. (this volume, Pt. 2 ).
An Oceanographic front at the mouth of the Gulf, originating from mixing of the California Current and water masses from the subtropical Pacific and from the Gulf itself, began to form during the early Pleistocene. The onset of this feature prevented the continued development during the Pleistocene of the subtropical biostratigraphic sequence that was recorded during early Pliocene time.
SYSTEMATICS
Though the number of radiolarian species in the sediments from the Gulf of California is very large (Benson, 1966) , many are scarce. The taxonomic framework built up for this study includes only species which are found frequently though not always abundantly; it also contains "traditional" biostratigraphic species.
The classification of species is based largely on A Guide to Modern Radiolaria by Nigrini and Moore (1979) , but some synonymies are considered and other references noted. Species are arranged alphabetically with suborders and families. Theyer, et al., 1978 Theyer, et al., 1978 
